Abstract: Willis-Ekbom Disease/Restless Legs Syndrome (WED/RLS), a disorder frequently unrecognized and under diagnosed during pregnancy, may affect one out of every three women in this population. Symptoms can lead to disrupted sleep and adversely affect daytime alertness and performance. The exact prevalence of WED/RLS during pregnancy is unknown, largely due to lack of standardization for assessment of the disorder. We present a review of articles examining this, so clinicians can appreciate assessment and treatment of the up to 34% of pregnant women who may suffer from WED/RLS and its consequences.
INTRODUCTION
Restless Legs Syndrome (RLS), now known as WillisEkbom Disease (WED), in the U.S., is the "most common disorder you have ever heard of" [1, 2] . It is a sensorimotor phenomenon diagnosed clinically by the following four essential criteria and not explained by any other disorder:
1. An urge to move the legs (or other parts of the body) usually accompanied or caused by uncomfortable or unpleasant sensations in the legs.
2. The urge to move or unpleasant sensations begin or worsen during periods of rest or inactivity such as lying or sitting.
3. The urge to move or unpleasant sensations are partially or totally relieved by movement, such as walking or stretching, at least as long as the activity continues.
4. The urge to move or unpleasant sensations follow a circadian pattern, usually worse in the evening or night than during the day or only occur in the evening or night [3] .
Clinical features that support the diagnosis of WED/RLS include a positive family history, presence of periodic limb movements (PLMs) during sleep and/or wakefulness, and symptomatic improvement with dopaminergic therapy.
Periodic limb movements (PLMs) typically occur as periodic, repetitive episodes characterized by extension of the big toe and flexion of the leg, especially during sleep. Initially, more than five PLMs per hour during total sleep time as measured on a polysomnographic study were considered abnormal. However, in the second version of the *Address correspondence to this author at the University of Colorado, Education 2 North 13120 E. 19th Ave., Aurora, CO 80045, USA; Tel: 303/724-8533; Fax: 303/724-8559; E-mail: Jennifer.hensley@ucdenver.edu International Classification of Sleep Disorders (2005) this number was increased to 15 PLMs per hour [4, 5] . Older studies have shown that up to 80% of WED/RLS sufferers have PLMs which are associated with arousal from sleep [6] . Arousals disrupt sleep and can adversely impact daytime alertness and performance.
Over the past two decades, much has been learned about WED/RLS, its proposed etiologies, its disruption of sleep, and its adverse effects on daytime functioning and quality of life. However, little is known about WED/RLS during pregnancy. In this review, we attempt to offer a history of WED/RLS, discuss its prevalence during pregnancy, describe its proposed etiologies, and, finally, offer potential treatment options, specifically during pregnancy.
HISTORY OF RESTLESS LEGS SYNDROME
Symptoms suggestive of WED/RLS have been described as far back as the late 17 th century. The oldest account, in Sir Thomas Willis' The London Practice of Physick, described difficulty in falling asleep because of "leapings and contractions of the tendons, and so great a restlessness and tossing of their members ensue, that the diseased are no more able to sleep than if they were in a place of greatest torture" [7] . A century later, Francois Boissier de Sauvages de La Croix described a similar condition which was seen "frequently…in clinical practice" involving "everyday women, and especially men…who when the evening comes, cannot keep their legs still for a single minute because of the restlessness they feel in then." He termed this condition "Anxietas Tibiarum (Anxiety of the Legs)" [8] , a term which was also used by Wittmaack almost a hundred years later [9] .
Before the mid-1900s, WED/RLS symptoms were thought to be functional impairments related to hysteria, neurosis, or neurasthenia (nervous exhaustion) [9] [10] [11] [12] . Oppenheim was the first to suggest a hereditary etiology [12] . In 1940, Mussio-Fourier and Kawak first reported symptoms of "pruritis, uticaria and paresthesias" in family members, which worsened during pregnancy; they refuted the classification of these symptoms as a neurosis [13] .
It was not until 1945 that Swedish neurologist Karl Axel Ekbom coined the term Restless Legs Syndrome and described the full spectrum of the disorder, particularly in pregnant women [14] . However, until this publication, the misnomer "anxiety of the legs" has continued to plague RLS as being a form of hysteria, and has often led to trivializing the clinical impact of the condition. Therefore, in 2011, the Restless Legs Syndrome Foundation in the US approved a name change to Willis-Ekbom Disease, in part, to reflect the severity of the disease, but also to acknowledge Willis' and Ekbom's contributions to understanding the disease [2] .
PREVALENCE OF WED/RLS DURING PREGNANCY
The prevalence of WED/RLS varies in the general population from 5-15%, and has been shown to be twice as common in women as men [15] . To evaluate the prevalence of WED/RLS during pregnancy, we conducted Pub Med and World of Science searches using the keywords "restless legs syndrome" and "pregnancy". This yielded 131 articles in Pub Med. Of these, 16 were peer-reviewed articles specifically dealing with the prevalence of WED/RLS during pregnancy and were written in the English language; these 16 articles, spanning 1945 -2012, were included in this review ( Table 1 ) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
Several different methodologies were used to determine the presence of WED/RLS in these pregnant populations. Six studies had participants who completed self-administered questionnaires [17] [18] [19] [20] [25] [26] [27] , another seven conducted face to face interviews [16, 21-24, 26, 29, 31] , and three studies did not specify how data was collected [28, 30, 31] .
Five studies began retrospective data collection during the postpartum period [18, 22, 24, 26, 29] . Three studies collected data in the third trimester [17, 20, 29] , one of which included a follow-up at four weeks postpartum [29] . One study examined the first and third trimesters [19] , while another examined the second and third trimesters [23] . Four studies collected data during all three trimesters [21, 25, 27, 28] . Two studies did not specify when data was collected [30, 31] .
All four of the 1995 International Restless Legs Syndrome Group (IRLSSG) criteria for the diagnosis of WED/RLS were used in one study [26, 32] , while two studies used one criterion [27, 28, 32] . In 2003, after revision of the IRLSSG criteria for the diagnosis of WED/RLS, ten studies used all four criteria [16, [17] [18] [19] [20] [21] [22] [23] [24] [25] 32] . The most recent study by Chen et al. (2012) used all four criteria. Women were interviewed face to face after admission to the hospital. To determine severity, the Johns Hopkins RLS Severity Scale was administered. Women were telephoned three months postpartum. For consistency, one neurologist reviewed all questionnaires [16] .
In 1945, Karl Ekbom performed the first large epidemiological study of WED/RLS in pregnancy and found a prevalence rate of 11.3% among 486 pregnant patients [31] . In 1988, Goodman et al reported a prevalence of 19% in 500 singleton pregnancies at 32-34 weeks gestational age [29] . Symptoms began to resolve about 4 weeks prior to delivery, and all but 3 of the 97 women with WED/RLS had resolution of their symptoms back to baseline 4 weeks after delivery. Thirteen of forty-three women (30%) had similar symptoms in a previous pregnancy. Manconi et al. (2004) were the first to use the 1995 IRLSSG criteria to diagnose WED/RLS during pregnancy. Face to face interviews were conducted after delivery, and at one, three and six months postpartum. They reported a prevalence of 26.6% in 606 pregnant women: 16.6% had new-onset WED/RLS during the pregnancy and 9.9% had pre-existing WED/RLS symptoms prior to the pregnancy. Of the161 women with WED/RLS, 29% had a positive family history in a first-degree relative, and 36% of multiparous women had similar symptoms in at least one previous pregnancy. WED/RLS symptoms were associated with prolonged sleep onset latencies, decreased total sleep time, and excessive daytime sleepiness. Furthermore, peak prevalence of RLS in the third trimester was confirmed, specifically in the 7 th and 8 th months, predominantly in newonset WED/RLS cases, with a significant resolution of symptoms after delivery to a prevalence of 6.8% one-month post-partum. The prevalence remained at 5-6% six months later [26] .
Prevalence as high as 34% was reported out in Norway by Uglane et al. (2011) , with complete resolution of symptoms two to three days after delivery in 97% of patients who had new-onset RLS during the pregnancy [18] . This study was done using self-administered questionnaires within three days postpartum.
The two largest studies have come out of Japan. In contrast to a prevalence of ten percent in the general population [33, 34] , Suzuki et al. [27] Different methodologies to determine the prevalence of WED/RLS in diverse populations of women reveal it to be more prevalent during pregnancy (up to 34%). Overall, the incidence of WED/RLS increases from the first to the third trimester [19, 21, 25, 28] and, in most cases, resolves quickly after delivery [18, 22, 24, 26, 28] .
The true prevalence of PLMs during pregnancy in women who suffer from WED/RLS is unknown, but has been shown to be increased. Two articles were identified in PubMed that addressed PLMs and pregnancy. 2001 Lee et al. [28] Prospective; preconception, 1Δ, 2Δ, 3Δ; 3 items for secondary analysis were included for incidence within past week: 1)"arms or legs jerking as your fell asleep"; 2) "restless legs as you fell asleep"; 3) "awakened from sleep with leg cramps"; no interviewmentioned
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Preconception-0 Nikkola et al. (1996) studied nocturnal breathing patterns and oxygen saturation in women with multiple gestations [35] . Four of the 10 participants had WED/RLS. On polysomnography they found a PLM index of 3.7 to 49.7, but this was not correlated with those who did or did not have WED/RLS. Dzaja et al. (2009) enrolled nine control subjects and ten women with WED/RLS and sought to establish a relationship between hormonal changes and WED/RLS symptomatology. WED/RLS sufferers had more PLMs before and after delivery, although the incidence decreased rapidly during the postpartum period. Group effect was statistically significant during wake and Stage 1 sleep (F 1,13 = 4.8, P<0.05; F 1,13 =8.43, p<0.05) [36] .
The lack of standardization in data collection and reporting offers but a mere snap shot of the prevalence of WED/RLS and PLMs in pregnant and postpartum populations. The ideal study would enroll women in the first trimester, follow them into the second and third trimesters, and through the postpartum period, correlating symptoms with specific laboratory results and the presence or absence of PLMs. Women would be interviewed by a clinician knowledgeable about WED/RLS. The interviewer would be able to identify disorders that mimic WED/RLS and compile a comprehensive differential diagnosis. Until such a study has been conducted with diverse populations of pregnant women, the incidence of WED/RLS across all trimesters is, depending upon ethnicity, 2.9-34%. At best, it can be stated that up to one out of three women will be affected by WED/RLS, with or without PLMs, during pregnancy.
Prospective, multi-center studies could help reveal the true incidence of WED/RLS during pregnancy. In the US, 4.3 million women give birth each year. If up to one out of every three women can be affected, over one million pregnant women may experience WED/RLS symptoms. Clinicians can diagnose and treat to mitigate the adverse consequences of disrupted sleep such as decreased daytime alertness and performance.
PROPOSED ETIOLOGIES FOR WED/RLS
Proposed etiologies for WED/RLS include: 1) genetic predisposition; 2) metabolic abnormalities (especially involving iron or folate homeostasis), 3) dopamine dysfunction; and 4) hormonal changes. Although the incidence of WED/RLS is increased during pregnancy, there is a paucity of research to explain the exact pathophysiologic mechanism that is the same as, or different from, the nonpregnant state. At best it can be said that up to 15% of pregnant women will enter pregnancy with pre-existing WED/RLS and the rest will develop new-onset WED/RLS by the third trimester.
Genetic Predisposition
An autosomal dominant trait has been identified [37] [38] [39] [40] [41] [42] [43] [44] . Given that 40% of WED/RLS sufferers have a positive family history, it is imperative the clinician asks about symptoms in family members [45, 46] .
Iron or Folate Homeostasis
An adequate amount of iron store dsystemically appears to be necessary to cross the blood brain barrier. Production of dopamine is iron dependent, and, for individuals with WED/RLS, when the ferritin level falls below 50 mcg/L, symptoms appear or worsen [47] [48] [49] [50] .
During the third trimester the fetus is growing and in need of maternal iron stores as it prepares for extrauterine life. Women who are at risk for WED/RLS are at a greater risk to develop symptoms as their iron stores are depleted; it makes sense that up to 34% of women may develop newonset WED/RLS.
One small study by Lee et al. (2001) correlated low serum folate levels with an increase in bedtime WED/RLS symptoms during the third trimester (N=40; WED/RLS = 7; r = -.44, p = 0.016) [28] . The difference between folate levels for those women with and without WED/RLS was statistically significant (t=2.4, p=0.03; WED/RLS 14.9+11.8ng/ml vs. control 18.6+16.2ng/ml). A minimum of 400 mcg of folic acid is recommended for all women of reproductive age and throughout pregnancy. Women who suffer from WED/RLS should be encouraged to take a daily prenatal vitamin with 800-1000 mcg of folic acid.
Dopamine Dysfunction
Dopamine is a neurotransmitter produced by the substantia nigra in the basal ganglia of the central nervous system and is necessary for coordinated and smooth functioning of muscle activity. A dopamine deficiency in individuals susceptible to WED/RLS is one hypothesis for the symptoms [51] .
Normally within a 24 hour period and during the nighttime hours, an individual will experience a drop in serum iron level by up to 40-60% and a decrease in dopamine production. For the WED/RLS sufferer, this circadian drop in both iron and dopamine heralds the onset of symptoms. It is hypothesized that the decrease in serum iron disallows production of tyrosine hydroxylase in the central nervous system, a necessary enzymatic step in the production of dopamine. Decreased nighttime dopamine can lead to the dysethesias experienced by WED/RLS sufferers [51] [52] [53] [54] . A circadian drop in iron and dopamine [55] may offer a reasonable hypothesis for explaining to women why their symptoms begin in the early evening and continue throughout the night.
Hormonal Changes
It is well known that placental hormones, especially estrogen, increase throughout pregnancy and decline after delivery. Recently, estradiol levels were noted to be elevated in pregnancies complicated by WED/RLS [36] . It is possible that the inhibitory effects of estradiol on dopaminergic systems [56, 57] may be associated with the higher prevalence of RLS in the third trimester and decline after delivery; however, much research is still needed to better clarify this association.
DIAGNOSIS
As with many clinical conditions, the most important means of diagnosing WED/RLS is through a detailed history and physical examination. The history should focus on the symptoms of WED/RLS, the timing of symptoms, the parts of the body affected, and effects on sleep and daytime functioning. Symptoms during pregnancy are essentially the same as those of non-gravid states.
Past medical, family, and drug history should be thoroughly reviewed to evaluate for other causes of WED/RLS. Anemia, renal failure, and thyroid dysfunction are known secondary causes of WED/RLS and are also seen in pregnancy. Antidopaminergic medications (e.g., metoclopramide), antihistamines (e.g., diphenhydramine), decongestants, tricyclic antidepressants, selective serotonin reuptake inhibitors, beta-blockers, lithium, caffeine, smoking, and alcohol are notorious for exacerbating WED/RLS.
The physical examination should include a complete neurological evaluation, especially of the lower extremities, to exclude neuropathies and vascular disorders that may resemble WED/RLS ("mimics"). Often, the physical examination is normal.
Laboratory work-up may include an assessment of iron stores, folic acid levels, vitamin B12 levels, thyroid function, and a metabolic panel. Evaluation of iron stores should include a complete blood count (CBC), serum ferritin, and iron saturation. Serum ferritin levels below 50 mcg/L have been associated with symptoms of WED/RLS and PLMs. Polysomnography is neither required nor recommended for the diagnosis of WED/RLS.
Differential Diagnoses
WED/RLS "mimics" include, but are not limited to, nocturnal leg cramps, nerve impingement, electrolyte imbalance, diabetic neuropathy, radiculopathy, claudication from premature peripheral arterial disease which affects 1% women <35 years old (especially with Type 2 Diabetes), severe lordosis, and post-thrombotic pain (previous deep vein thrombosis). Certain medications, including antibiotics, lipid-lowering agents which some women may have been taking prior to pregnancy, and non-steroidals, can all contribute to muscle weakness or dyskinesias [58] [59] [60] [61] [62] .
TREATMENT
Treatment modalities for WED/RLS during pregnancy include behavioral strategies, as well as pharmacological interventions. Due to potential adverse drug effects on the fetus during pregnancy, behavioral interventions are preferred over pharmacologic interventions. However, pharmacologic therapy might be required, should not be withheld, and treatment should be individualized to the woman.
Behavioral Interventions
The first step in treatment involves removing potential aggravators of WED/RLS. These include: sleep deprivation, caffeine, alcohol, smoking and discontinuing medications that may worsen symptoms (see DIAGNOSIS). Although there is little evidence that Sleep Hygiene alone helps, the "10 Commandments of Sleep" are good, solid principles (see Table 2 ). Improving sleep hygiene by having a set bedtime and wake time, as well as not spending an excessive amount of time in bed, is recommended [55, 63] . Moderate daytime activity, limiting nighttime exercise, relaxation techniques (warm baths, leg vibration, massage, acupuncture),and enhanced external counterpulsion, such as pneumatic compression devices [64] , have all been reported to relieve symptoms.
Education
Education about WED/RLS for the woman and her family members needs to be discussed to promote safe care and restorative sleep. Reassurance she and up to one out of every three pregnant women may develop WED/RLS symptoms is essential so she does not feel alone. Reassurance that symptoms abate by three months post partum offers hope. The woman may have a sense of control over the symptoms if she commits to iron repletion via a high iron diet and supplements if her ferrit in level is < 50 mcg/L.
Once a diagnosis of WED/RLS has been made, communication between providers (physicians, advanced practice nurses, physicians' assistants) is essential for continuity of care. The treatment plan needs to be explicitly written, with WED/RLS added as a diagnosis to the problem list. Determining compliance and adequacy of treatment at each visit should be documented.
Iron
In women with WED/RLS symptoms, the complete blood count (CBC), especially the hemoglobin and hematocrit, may be normal while the serum ferrit in is < 50 mcg/L and the iron saturation <20%. At this point, iron repletion should be initiated and the CBC, ferritin and iron 4.
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Establish a regular bedtime and waking time.
If you are in the habits of taking siestas, do not exceed 45 minutes of daytime sleep.
Avoid excessive alcohol ingestion 4 hours before bedtime, and do not smoke.
Avoid caffeine 6 hours before bedtime. This includes coffee, tea and many sodas, as well as chocolate Avoid heavy, spicy, or sugary foods 4 hours before bedtime. A light snack before bed is acceptable.
Exercise regularly, but not right before bed Use comfortable, inviting bedding. saturation levels rechecked in one, two and three months. Iron repletion can be discontinued when WED/RLS symptoms abate, the serum ferritin is > 50 mcg/L and the iron saturation is > 20%. The complete metabolic panel might reveal liver or kidney disease, or an electrolyte imbalance. The latter will not be addressed.
Iron repletion may take the form of ferrous sulfate 325 mg plus Vitamin C 250-500 mg three times a day, on an empty stomach. Three tablets of ferrous sulfate per day provide200 mg of elemental iron. Although it is the most cost effective treatment, ferrous sulfate may cause severe constipation during pregnancy. An alternative would be SlowFe ® with Vitamin C 250-500 twice daily, or the addition of a stool softener such as Colace ® 100 mg twice daily. Table 3 compares iron products available in the US market and the amount of elemental iron in each.
Iron repletion should be stopped immediately if hemochromotosis is evident. Diagnosis is made by elevated liver enzymes, bronze color of the skin, or iron (transferrin) saturation > 50% [59] .
Folate
Evaluation of a folate level should be considered for WED/RLS sufferers. It is prudent to encourage all pregnant women to take 800-1000 mcg of folic acid prior to conception and throughout pregnancy to decrease the incidence of neural tube defects, as well as help with WED/RLS symptoms [65] . This dosage is available in all over the counter and prescription prenatal vitamins.
Magnesium
In pregnancy, magnesium is Category C (See Table 4 ). However, 250 to 800 mg of elemental magnesium per day, in the form of magnesium citrate, 100 to 250 mg at bedtime, may help alleviate WED/RLS symptoms, especially if PLMs are present [66, 67] . Magnesium may stabilize cellular membrane transmission, decreasing WED/RLS and PLMs symptoms.
PHARMACOLOGIC AGENTS
Theoretically, all of the drug regimens used to treat WED/RLS should be effective in the treatment of pregnancy-related WED/RLS. These include dopaminergics and dopamineagonists, benzodiazepines, opiates, antiepileptics, sympatholytics, and vitamins and minerals. However, many of these drugs are Food and Drug Administration (FDA) Pregnancy Category C, D, or X, the latter two being contraindicated during pregnancy (see Table  5 ) [68, 69] .
When the woman's symptoms cannot be controlled by behavioral interventions, or until the woman is iron repleted, pharmacologic modalities may be required. This could help mitigate the effects of disrupted sleep such as decreased daytime attention and performance. A discussion of the appropriate use of medications should be initiated with the woman.
OPIOIDS
Opioids for the treatment of WED/RLS are not FDA approved, but used off-label. In selected women, opioids may be the safest option duringthe third trimester, as oxycodone is in currently Pregnancy Category B [68] [69] [70] [71] [72] . In the first trimester opioids should be used with caution. A retrospective study of over 17,000 women compels an association between opioid use and congenital anomalies [73] . Data collected could have been contaminated by polypharmaceutical use.When used appropriately, there is little potential for abuse [65] . Opioids should be used cautiously as the estimated due date approaches to prevent neonatal withdrawal syndrome. The newborn's clinician should be made aware of medications taken by the mother.
Opioids bind to mu receptors in the pain modulating areas of the central nervous system and dorsal horn of the spinal column [74] . Opioids block WED/RLS sensations. After discussion of the risks and benefits, the clinician may request the woman sign aconsent form for opioid treatment and meticulously monitor use at each obstetric visit. Due to the plethora of hepatic enzymes that metabolize opiates, if one opiate does not decrease WED/RLS symptoms, another could be tried.Special attention should be paid to the woman given an opiate, who may be a "rapid metabolizer", and overly sensitive to the depressant effects of the medication [75] .
Dopamine Agonists
Dopamine-agonists are category C, but increase fetal wastage in the first trimester and decrease lactation postpartum [68, 69] . If used, they should be considered after the first trimester, and not during lactation, or at least not until mature breast milk and a definitive breast feeding schedule has been established. Dopaminergic agents should be taken one to three hours before bedtime; they work by mimicking dopamine in the brain. There is a risk of augmentation and rebound with prolonged use [74] .
Benzodiazepines
Benzodiazepines are Pregnancy Category D during pregnancy and lactationdue to potential teratogenicity, "floppy baby syndrome", and depression of the newborn's central nervous system. Clonazepam may be the only helpful medication for a pregnant woman, and if needed, should be confined to the second trimester with the dosing tapered in the third trimester as the estimated due date approaches. Benzodiazepines work by increasing the amount of gamma amino-butyric acid, a calming neurotransmitter in the brain [74] .
DISCUSSION
The incidence of WED/RLS in women is twice as high as in men. During pregnancy, WED/RLS can affect up to one in three women. Given the daytime consequences of disordered sleep (excessive daytime sleepiness, irritability, cognitive impairment), clinicians should screen and treat pregnant women who present with WED/RLS symptoms. If behavioral interventions do not help, the clinician should first try iron repletion if the ferritin level is < 50 mcg/L, and/or consider low dose opioid therapy at bedtime.
